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Abstract
The basic idea for this project was to illustrate a possible way to modify a standard
wheelchair to give the user a better experience. Knowing that some users of manual
wheelchairs may be older or those of lesser upper body strength, we wanted to create a system
that would use mechanical advantage by implementing levers and gear reductions to help the
user propel themselves in a more efficient manner. The main problem we wanted to solve with
this was to eliminate the motion of grabbing the wheel and bending over to apply a force in
order to move the wheelchair. This motion is typically very difficult for users who are not of
great physical strength and can be very tiresome over a period of time. The main point of this
project was to show proof of concept and if it did not perform to our standards, more research
and modifications could be made to make the wheelchair more efficient.
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1. Introduction
The standard manual wheelchair design requires the operator to physically rotate the
wheels using their hands to grab onto the wheels and push in the direction they wish to go. This
motion can lead to exhaustion, which in turn may inhibit the operator from getting to their
destination. Calluses and other marks on the hands may occur using this standard motion as
well. If users were able to operate a manual wheelchair with hand levers/cranks placed in front
of them, these problems could be solved. Users would then be able to move around in a manual
wheelchair for much longer before becoming exhausted as compared to a standard manual
wheelchair. Consumers in the market for a manual wheelchair may not be able to afford the
price of a premium electric upgraded solution which would solve these problems. Creating an
affordable manual wheelchair with this solution would allow consumers to avoid spending
excessive capital on a premium upgrade. The end benefit that could be realized is an easier way
of operating a manual wheelchair at an affordable price. The following document goes through
the design, testing, cost, accomplishments, and ethical considerations.
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2 Design
2.1 Design Procedure
To solve the problem of a manual wheelchair leading to exhaustion, our group came up
with multiple designs. The first design added an extended handle to the wheel so that the user
did not have to reach all the way down to the wheel. This handle has brakes, similar to bicycle
brakes, that allow the wheelchair to slow down. The brakes are also the key component to
move the chair. The user would squeeze the breaks and then propel themselves forward and
release the breaks. They would continuously repeat this process to move the chair. To go
backwards, the user would do a similar action, but move their hands in the opposite direction.

Figure 1: Design 1
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The second design has a ratchet arm connected to a front sprocket. The front sprocket is
then connected to the back sprocket using a chain. To move forward, the user would push the
ratchet arms forward. To move backwards, there is a switch on the ratchet arm that the user
must flip, and then they are able to move backwards. This design uses a combination of
sprockets which could give the user some mechanical advantage to propel themselves.

Figure 2: Design 2

The measures for success of this wheelchair is to go at least 3 miles per hour, to add no
more than 3 inches in width total, to use less energy than a normal wheelchair, to be low cost,
and to add less than 15 pounds. The group used these 5 things to determine which design to
use, which is shown in the below design matrix table.
Table 1 Overall Design Matrix
3 MPH

adds no more
than 3 in

less energy

low cost

adds less than
15lbs

Totals

Weight (%)

0.3

0.25

0.2

0.15

0.1
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design 1

0.3

1.25

0.4

0.75

0.5

3.2

design 2

1.5

1.25

0.8

0.75

0.4

4.7
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From the design matrix shown in table 1, it is clear that design 2 is the better design for
the decided measures of success. The only category that design 1 beat out design 2 is in adding
less than 15 pounds, as design 1 would be the lighter option when compared to design 2. The
original timeline for this project is shown in table 2.
Table 2 Ideal Timeline
January, February and March

Brainstorming design

April

Choose a design and make Bill of Materials

May

Start Building Prototype

June and July

Initial Build and Testing

August

Revisions

September

Start presentation and report

October

Final revisions and testing

November

Finishing touches on prototype and finish report

The team followed the original timeline for the spring months, January, February, March
and April. However, the team was unable to meet over the summer due to our locations. There
were also delays on manufacturing parts for the prototype that affected the timeline as well.
The following table shows the actual timeline of when things were completed.
Table 3 Actual Timeline
January

Brainstorming an Idea

February and March

Brainstorming design

April

Choose a design and make Bill of Materials

September

Initial Testing and Start building

October

Continue build, order parts and start report

November

Finish build and report

As a result of moving the timeline back, our prototype is a first draft prototype, rather
than a perfected finalized prototype.
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2.2 Design Details
When designing the components for this idea, we wanted to utilize the tools we already
had and only outsource work when necessary. In order to keep production costs low, we
resorted to designing some preliminary components using Solidworks, then ordering those
parts from a supplier, and finally modifying said parts to our specifications. If cost wasn’t a large
factor in this, we could have made several revisions of such parts before finalizing our design.
2.2.1 Front Sprocket
The front sprocket design was a crucial component to completing our design. In order
for the sprocket mechanism to propel the rear wheels of the chair, we needed a front sprocket
assembly to deliver the power from the lever arms to the rear wheel. The basic concept of the
assembly entailed a large sprocket with a bearing in the center. This was then put into place
with four laser cut aluminum components. The components secured together sandwiched the
sprocket into place and allowed a hole for the ½ ratchet to seat into place. This entire assembly
was then secured to the tubing on the wheelchair using a mounting bracket. A photo of the
assembly is shown below.

Figure 3: Front Sprocket
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Figure 4: Front Sprocket

Figure 5: Front Sprocket
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2.2.2 Rear Wheel
For us to accomplish what we wanted to for this design, we needed to figure out a way
to attach a sprocket to the inside of the rear wheel of the wheelchair. With little to no material
for us to fix the sprocket to, we decided to use existing points near the outside of the wheel that
are already used to fix the grabbing hoop to the rear wheel. With six mounting points along the
outside of the wheel, we designed a piece of metal with a small circular disk in the center and
six arms extending to the mounting points. The smaller rear sprocket would then be fixed to the
small circular disk with bolts and tubular spacers. Attaching the six arm extensions to the
mounting points, we used six L shaped brackets with one edge bolted to the wheel, and the
other bolted to the arms. To manufacture this rear sprocket assembly, the rear sprocket hub
was designed using Solidworks and the part was cut in metal by our supplier “SendCutSend”. An
illustration of this assembly is shown in the pictures below.

Figure 6: Rear Wheel
10

Figure 7: Rear Wheel

Figure 8: Rear Wheel
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Figure 9: Rear Wheel
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3. Design Verification
3.1 Personal Testament
Personal testament from Wendy Ridenour, a woman who was paralyzed from a
motorcycle accident in 2008 and has since been wheelchair bound. “Overall the build of the
chair is very nicely done and it was thoughtful to not add any width to the chair. One thing that
is missing that could be added in the future would be a breaking system.”

3.2 Testing and Results
To test the measures of success, there were different steps taken for each measure. For
adding no more than 3 inches, we built everything on the inside of the wheels, which ensured
that we added nothing to the width of the chair. Adding no more than 15 lbs was done similarly,
we weighed the chair beforehand which came out to 36.6 pounds. After all modifications were
made, the chair weighed 46.4 pounds, making it 9.8 pounds added to the chair. To test the 3
MPH and less energy burned, we recorded calories burned on a 0.35 mile loop using an apple
watch.

Figure 10: Results of Calorie Testing
𝑆𝑝𝑒𝑒𝑑 = 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 ÷ 𝑇𝑖𝑚𝑒

(1)

As shown in Figure 3, the time with 8 minutes and 13 seconds was the normal
wheelchair on the loop. The time with 7 minutes and 32 seconds was the results after the
modifications were made. You can see that the modifications were able to cut back the time
and calories, showing that the modified chair used less energy. Also using this data, we were
able to calculate the average speed, using equation (1), for each trip. The modified wheelchair
had an average of 2.86 MPH while the regular wheelchair was 2.58 MPH. Even though we did
not meet the metric for success of 3 MPH, our modified wheelchair still had a higher average
speed then the normal wheelchair.
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4. Costs
4.1 Parts
Table 4 Parts Costs
Part

Manufacturer

Retail Cost ($)

Ratchets

Harbor Freight

$25.00

Parts to produce front and rear

Sendcutsend

$82.26

Sprockets and Mounts

Harbor Freight

$96.26

Screws, Nuts, jbweld

Ace Hardware

$69.40

Hardware

Amazon

$54.21

Miscesneous

Home Depot

$13.44

sprocket assemblies

Total

$340.57

4.2 Labor
Ideal hourly salary x hours spent x 2.5 = labor cost
$20 dollars per hour x 40 hours x 2.5 = $2000
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(2)

5. Conclusion
5.1 Accomplishments
Our group accomplished the task of fulfilling our design ideas through the use of our soft
and technical skills learned throughout our time in the degree program. As mentioned earlier in
the report, our final design met and exceeded most metrics of success we placed on the design.
Although our final model may not operate to its full capacity or have few minor flaws, we were
able to successfully create a working model to demonstrate our concept.

5.2 Uncertainties
Some uncertainties for our design include, weight limit of user as we do not know the
capability of the components we used. If we were able to afford more time in development, we
could have designed more rigorous parts to accommodate users that weigh much more than we
do.
Another area of uncertainty would be the overall reliability of the system. We used
aluminum for the general construction of the sprocket assemblies, which could break or fail
under large amounts of stress. If we were able to assign more time in material selection and
design, we would be able to create more robust components that would be more reliable. As a
proof of concept/working prototype, we felt that we accomplished our goal in creating an
illustration of our idea.

5.3 Ethical considerations
Ethical considerations that the team had to consider when designing and building this
wheelchair was ensuring that the wheelchair could fit through a standard door frame, and that
the wheelchair could make it up ramps. We did not want to limit the user in any capacity with
this addition to their wheelchair.
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5.4 Future work
When designing this project, we knew that our first model would not be as efficient as
we would like. As stated earlier in our abstract, this first design is simply a prototype and proof
of concept. Now that we have finished construction of the wheelchair, we can use this model to
optimize our approach to this design. One area of improvement would be potentially changing
the gearing such that it would be more optimal for the user. Another area to improve upon
would be to design a mechanism on the handle such that the user can change direction of the
ratchet assembly with ease. One more area of improvement would be the extension arms for
the ratchets. PVC tubing was used for this in order to keep cost down but if a more improved
version of this were built, such arms could be made of lightweight metals and be made such
that their length could be adjusted with ease. Overall, we all are proud of the work put into this
project up to this point and would like to work to improve on this design in the future.
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